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SPECIFICATION 



TWO-DIMENSIONAL PHOTONIC CRYSTAL 



Technical Field 

The present invention relates to a two-dimensional 
photonic crystal, 

Background Art 

In recent years, attention has been given to a photonic 
crystal which is a two-dimensional or three-dimensional 
structure whose dielectric constant is periodically changed. 
Here, the two-dimension or three-dimension is determined 
based on the number of directions having periodicity. If 
an electromagnetic wave enters a photonic crystal composed 
of a periodic structure of two types of dielectric materials 
to cause Bragg diffraction, two standing waves are generated. 
They are a high energy standing wave generated in a low 
dielectric constant region and a low energy standing wave 
generated in a high dielectric constant region. Because a 
wave having energy between energies of these two standing 
waves cannot exist, a photonic band gap appears in the photonic 
crystal . An electromagnetic wave in the range of energy (wave 
length) in the photonic band gap cannot pass through the 
photonic crystal. The photonic band gap mentioned herein 
refers to the above phenomenon considered the same as that 
of a band gap (forbidden band) of the energy level of crystal 
electrons • 
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If a defect disturbing periodicity is introduced into 
a crystal having a photonic band gap, light can exist only 
in this defective portion. Thus, if the crystal is fabricated 
so as to have a region with the defect confined within the 
crystal, an optical resonator can be obtained. If the crystal 
is fabricated with the defect linearized within the crystal, 
a waveguide can be obtained. For example, in the case of 
a two-dimensional photonic crystal, an electric field 
component canbe classified into a TE wave (transverse electric 
wave) parallel to a plane of the periodic structure and a 
TM wave (transverse magnetic wave) perpendicular to the plane 
of the periodic structure. In general, ranges of frequencies 
CO of photonic band gaps corresponding to respective lights 
do not necessarily coincide. Therefore, if a frequency range 
in which photonic band gaps occur concurrently for both the 
TE wave and the TM wave exists, the photonic band gap may 
be called a complete band gap. 

A relatively simple structure photonic crystal of 
two-dimensional structure in which a complete band gap exists 
is known. The photonic crystal has through-holes (air holes) 
arranged on triangular lattices in a dielectric material as 
disclosed in, for example, Japanese Patent Laid-Open No. 
2001-272555. In this case, the broadest complete band gap 
is obtained when the radius (r/a) is 0.48 and the frequency 
(a)a/2nc) is about 0.5. A character r represents a radius 
of the hole, a represents a lattice constant, co represents 
an angular frequency of light, and c represents a light velocity 
in vacuum. 
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In a conventional two-dimensional photonic crystal in 
which air holes are arranged in a triangular lattice form^ 
the complete band gap is obtained when the diameter d of the 
hole (= 2r) equals 0.95a. The thickness of a wall between 
holes at the thinnest portion is very small, that is 0.05a, 
i.e. 0.035 |xm, and therefore it is difficult to fabricate 
a two-dimensional photonic crystal in which the complete band 
gap can be obtained. 

The present invention has been made based on this 
technical problem, and its object is to provide a photonic 
crystal which is easily produced and has a two-dimensional 
periodic structure capable of having a complete band gap for 
the TE wave and the TM wave. 

Disclosure of the Invention 

The present invention provides a two-dimensional 
photonic crystal, wherein on a plane in which four adjoining 
unit lattices are arranged so as to have one angle in common 
with the unit lattice being a rectangle whose shorter side 
XI has a length of xl and whose longer side Yl has a length 
of yl, first dielectric regions each being columnar and having 
a rectangular cross section whose shorter side X2 has a length 
of x2 and whose longer side Y2 has a length of y2 are disposed 
on shorter sides XI and longer sides Yl of each rectangular 
unit lattice. 

For the present invention, in the two-dimensional 
photonic crystal described above, the first dielectric region 
is disposed so that the midpoint of the shorter side XI and 
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the midpoint of the longer side Yl and the center of the 
rectangular cross section substantiially coincide, and longer 

sides Y2 of each first dielectric region are parallel to each 

other . Further, the ratio of xl : yl equals 1 : substantially Vb 
and the ratio of xl : x2 : y2 equals 1:0. 133 : 0 . 4 8 to 1 : 0 . 158 : 0 . 58 . 

In the two-dimensional photonic crystal of the present 
invention, the ratio of xl:x2:y2 preferably equals 
1:0.135:0.48 to 1:0.150:0.54, further preferably 
1:0.135:0.52 to 1:0.140:0.54. 

According to the present invention described above, the 
first dielectric region has a rectangular cross section having 
a size of about 0 . 10 ^im x 0 . 37 ^im at the minimum, and therefore 
the two-dimensional photonic crystal of the present invention 
is much more excellent in productivity than a conventional 
two-dimensional photonic crystal having air holes arranged 
in a rectangular lattice form. Moreover, as described later, 
it has a sufficient complete band gap from a practical 
standpoint . 

The two-dimensional photonic crystal of the present 
invention may comprise a second dielectric region surrounding 
the first dielectric region and having a dielectric constant 
different from that of the first dielectric region . The first 
dielectric region and the second dielectric region 
conceptually include not only a tangible material but also 
a gas. Thus, in the present invention, one of the first 
dielectric region and the second dielectric region may be 
formed from a dielectric material, and the other may be formed 
f roma gas . Atypical example of the gas is air . In the present 
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invention, the dielectric material always refers to a tangible 
material. 

For the dielectric material described above, for example, 
BaO-Ti02 or BaO-Nd203-Ti02 dielectric material may be used. 

The first dielectric region and the second dielectric 
region may be formed from dielectric materials having 
different dielectric constants. 

In this case, the first dielectric region and the second 
dielectric region may be fired bodies. Consequently, a 
two-dimensional photonic crystal of which the mechanical 
strength and dielectric constant are further improved can 
be obtained. 

The two-dimensional photonic crystal according to the 
present invention may comprise a flat-plate shaped base, and 
a plurality of first dielectric regions formed from a 
dielectric material the same as that of the base and erected 
from the base. The second dielectric region may be a gas 
such as air, or may be a dielectric material. 

The present invention provides a two-dimensional 
photonic crystal in which first dielectric regions, and second 
dielectric regions having a dielectric constant different 
from that of the first dielectric region are periodically 
disposed, characterized in that the two-dimensional photonic 
crystal comprises first dielectric regions each being 
columnar and having a rectangular cross section and second 
dielectric regions each surrounding the first dielectric 
region, a line segment Lx linking centers of two of the first 
dielectric regions adjoining in an X direction and a line 
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segment Ly linking centers of two of the first dielectric 
regions ad j oining in a Y direction orthogonal to the X direction 
are substantially orthogonal to each other substantially at 
their midpoints, the ratio between the length x3 of the line 
segment Lx and the length y3 of the line segment Ly equals 

1 : substantially , and the ratio between the length x3 of 
the line segment Lx and the length x2 of the first dielectric 
region in the X direction and the length y2 in the Y direction 
equals 1:0.133:0.48 to 1:0.158:0.58. 

In the two-dimensional photonic crystal of the present 
invention, x3:x2:y2 preferably equals 1:0.135:0.48 to 
1:0.150:0.54, further preferably 1:0.135:0.52 to 
1:0.140:0.54. 

In the two-dimensional photonic crystal according to 
the present invention, one of the first dielectric region 
andthe second dielectric regionmaybe formed froma dielectric 
material, and the other may be formed from a gas. 

In the two-dimensional photonic crystal according to 
the present invention, the first dielectric region and the 
second dielectric region may be formed from dielectric 
materials having different dielectric constants. 

The two-dimensional photonic crystal according to the 
present invention may have a full band gap width of 20.0% 
or greater. In the present invention, if full band gaps 
continuously exist for frequencies, the full band gap width 
( % ) is a value obtained by dividing the width of the frequencies 
by the mean frequency. 
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Brief Description of the Drawings 

FIG. 1 is a perspective vieW showing one example of a 
photonic crystal according to the present invention; 

FIG. 2 is a view showing an arrangement of unit lattices 
and rectangular column structures of the photonic crystal 
according to the present invention; 

FIG. 3 is a view illustrating sizes of the unit lattice 
and the rectangular column structure in the photonic crystal 
according to the present invention; 

FIG. 4 is a perspective view showing another example 
of the photonic crystal according to the present invention; 

Fl^J^^^^^is a scatter diagram showing a full band gap width 
obtained from a simulation; 

FIG. 6 is a scatter diagram showing the full band gap 
width obtatrred from a simulation; 

FIG . 7 is a flowchart showing a production method suitable 
for the photonic crystal according to the present invention; 
and 

FIG. 8 is a view showing predetermined steps of the 
production method suitable for the photonic crystal according 
to the present invention. 

Best Mode for Carrying Out the Invention 

Embodiments of the present invention will be described 
below. 

FIG. 1 is a perspective view showing a structure of a 
photonic crystal 1 in this embodiment . In FIG. 1, the photonic 
crystal 1 according to this embodiment has a structure in 
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which a plurality of rectangular column structures 11 are 
arranged on a base 12. The rectartgular column structure 11 
and the base 12 may be formed from dielectric materials such 
as, for example, BaO-Ti02 based one and BaO-NdaOs-TiOa based 
one. Dielectric materials constituting the rectangular 
column structure 11 and the base 12 may be the same, or may 
be different. There is an air gap 13 between adjoining 
rectangular column structures 11, and air exists in the air 
gap 13 . Thus, the rectangular column structure 11 constitutes 
a first dielectric region, and the air gap 13 between adjoining 
rectangular column structures 11 constitutes the second 
dielectric region. Hence, the photonic crystal 1 has a 
two-dimensional periodic structure . 

FIG. 2 is a view illustrating a disposition of rectangular 
column structures 11 constituting first dielectric regions 
in the photonic crystal 1, and a schematic diagram of the 
photonic crystal 1 viewed plain-wise. 

Equilateral hexagons shown by dotted lines are virtually 
arranged in a honeycomb form on the photonic crystal 1 as 
shown in FIG. 2 . Rectangular column structures 11 are erected 
on sides parallel to the Y direction of sides making up the 
equilateral hexagon, in the FIG. . FIG. 2 shows only part 
of the photonic crystal 1 , and also only part of the rectangular 
column structure 11. 

A unit of a periodic structure of rectangular column 
structures 11 is constituted by four rectangular column 
structures surrounding a given equilateral hexagon H. The 
unit of the periodic structure is defined as a unit lattice 
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L in the present invention. The unit lattice L is composed 
of two shorter sides XI disposed parallel to an X direction 
and two longer sides Yl disposed in a Y direction orthogonal 
to the X direction, and makes up a rectangle. Four adjoining 
unit lattices L have one angle C in common. The unit lattices 
L mentioned herein can cover a plane with neither overlap 
nor gapping by translational manipulation of the unit lattices 
L as a matter of course. 

In the unit lattice rectangular column structures 
11 are disposed on two shorter sides XI disposed parallel 
to the X direction and two longer sides Yl disposed parallel 
to the Y direction, respectively. The rectangular column 
structures 11 constitute the first dielectric region. Areas 
surrounding the rectangular column structures 11 constitute 
the second dielectric region . In FIG. 2, the first dielectric 
region constituted by rectangular column structures 11 is 
formed from a dielectric material and the second dielectric 
region surrounding the first dielectric region is air as a 
premise, but it is possible to make the area of the first 
dielectric region from air and make the second dielectric 
region surrounding the first dielectric region from a 
dielectric material. As shown in FIG. 4, a photonic crystal 
100 according to the present invention may be fabricated from 
rectangular column structures 111 formed from a first 
dielectric material and a second dielectric region 113 
surrounding the rectangular column structures 111, formed 
from a second dielectric material. The first dielectric 
material and the second dielectric material have different 
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dielectric constants. A base 112 of the photonic crystal 
100 is formed from the first dielectric material. 

The photonic crystal 1 according to the present invention 
has a characteristic in the sizes of the unit lattice L and 
the rectangular column structure 11 disposed in the unit 
lattice L. The characteristic point will now be described 
based on FIG. 3. 

FIG. 3A shows the unit lattice L of the photonic crystal 
1 according to this embodiment. FIG. 3B excludes the 
rectangular column structure 11 and shows only the unit lattice 
and FIG. 3C shows only the rectangular column structure 

11. 

In the photonic crystal 1 according to the present 
invention, the ratio between the length xl of the shorter 
side XI and the length yl of the longer side Yl of the unit 
lattice L shown in FIG. 3B is set to xl:yl = 1 : substantially 

The ratio of xl:yl is in the strict sense, but 

is set to 1 : substantially V3 in consideration of errors . In 
the present invention, the same holds true for the term 
^^substantially" used elsewhere. In the unit lattice L, 
shorter sides XI are substantially parallel to each other 
and longer sides Yl are substantially parallel to each other. 
The shorter side X2 of the rectangular column structure 11 
is substantially parallel to the shorter side XI of the unit 
lattice L, and the longer side Y2 is parallel to the longer 
side Yl of the unit lattice L. 

The ratio between the length x2 of the shorter side X2 
and the length y2 of the longer side Y2 of the rectangular 
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column structure 11 shown in FIG. 3 is set to xl:x2:y2 = 
1:0.133:0-48 to 1:0.158:0.58. 

As shown in FIG. 3A, a line segment Lx linking centers 
of two rectangular column structures 11 adjoining in an X 
direction and a line segment Ly linking centers of two 
rectangular column structures 11 adjoining in a Y direction 
are substantially orthogonal to each other substantially at 
their midpoints. The ratio between the length of the line 
segment Lx and the length of the line segment Ly is 

1 : substantially 

The center of the rectangular column structure 11 
disposed on the shorter side XI substantially coincides with 
the midpoint of the shorter side XI, and the center of the 
rectangular column structure 11 disposed on the longer side 
Yl substantially coincides with the midpoint of the longer 
side Yl. 

The center of the rectangular column structure 11 is 
the center in a direction along the plane. 

In the present invention, the above ratio is adopted 
based on a full band gap width determined from a simulation 
(described in detail later) . 

FIG. 5 shows the result of the simulation of the full 

band gap width where the ratio of xl:yl is fixed to 1: Vs , 
and x2 and y2 are varied. As shown in FIG. 5, a broad full 
band gap can be obtained by selecting x2 and y2 . 

FIG. 6 shows vales of full band gaps in given vales of 
x2 and y2 . 
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In FIG. S, plots in which broad full band gap widths 
of 22.5% or greater are obtained 'are filled in with black. 
Blackplots are included in the range of xl : x2 : y2 = 1 : 0 . 133 : 0 . 48 
to 1:0.158:0.58. In the range of 1 : 0 . 133 : 0 . 48 to 1 : 0 . 148 : 0 . 53, 
a full band gap width of 26% or greater can be obtained. In 
the range of 1:0.133:0.52 to 1:0.148:0.53, a full band gap 
width of 28% or greater can be obtained. 

The outline of a method for calculating a full band gap 
by the simulation described above will now be described. 

For calculation, ^^Translight" which is a transmission 
property simulator for photonic crystals was used. This 
software was developed by Mr . Andrew Reynolds when he belonged 
to Glasgow University . As a calculation method, the transfer 
matrix method is used. In this software, circular columns 
and rectangular columns are freely disposed, and reflection 
and transmission properties are calculated when the TE wave 
and the TM wave enter a photonic crystal structure which is 
an aggregate of the columns. The incidence of the waves may 
be at any angle of 0 to 90*^, and a solution can be obtained 
for any frequency range. 

The shape of a photonic crystal structure to be calculated, 
the frequency region, the range of angles of incidence of 
the TE wave and the TM wave, and the dielectric constant of 
a dielectric material to be used were entered into the simulator . 
The angles of incidence are 0 to 90° . The calculated photonic 
crystal structure is symmetrical with respect to the x-y 
(should be matched with the x-y in FIG. 3) plane, and therefore 
incidence of all electromagnetic waves incident from the y-z 
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(should be matched with the x-y in FIG. 3) plane at this angle 
are covered. By calculating (simulating) this, reflection 
and transmission losses for frequencies were obtained at 
angles of incidence of the TE wave and the TM wave. It was 
recognized that a band gap was generated when the transmission 
loss was 50 dB or greater . Angles of incidence and frequencies 
for which the transmission loss was 50 dB or greater were 
extracted for the TE wave and the TM wave. When the band 
gap is generated for all angles of incidence of the TE wave 
and the TM wave for a certain frequency, a full band gap is 
formed at this frequency. Existence /nonexistence of the full 
band gap was checked for each frequency. If the full band 
gap continuously existed for frequencies, a value obtained 
by dividing the frequency width by the mean frequency of the 
frequency width was determined to be a full band gap width 
(%) . The full band gap width being plotted against the shape 
of the photonic crystal (values of x2 and y2 of the rectangular 
column structure 11) is shown in FIGS. 5 and 6. 

A suitable method for producing the photonic crystal 
will now be described using FIGS. 7 and 8. 

In this production method, the slurry-based 3DP (three 
dimensional printing) process developed by Massachusetts 
Institute of Technology) is used. The basic procedure of 
this 3DP process is shown in FIG. 7. This process may be 
applied to any material as long as it can be formed into a 
slurry, and selection of materials is not limited. For 
example, plastics such as acryl and polycarbonate, metals 
such as Al, Cu and Ag and semiconductors such as Si and GaAs 
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as well as ceramics such as alumina (AI2O3) , silicon carbide 
(SiC) , barium titanate (BaTiOa) , lead zirconate titanate (PLT) 
and BaO-Nd203-Ti02 may be used. 

In the 3DP process^ as shown in FIG. 1, a dielectric 
powder constituting the rectangular column structure 11 and 
the base 12 is first dispersed in a solvent to form a slurry 
in a slurry forming step SI. For the solvent, an organic 
solvent such as alcohol may be used, but the solvent is 
preferably based on water because of non-toxicity, easy 
handling and less influence on the dielectric powder. A 
dispersant and the like are added to the solvent as required. 
Two or more types of dielectric powder may be used to fabricate 
the rectangular column structure 11 and the base 12. 

Then, in a slurry printing step S2, one layer of a slurry 
including the dielectric powder is print-formed on the surface 
of a base using a jet print process. The thickness of the 
dielectric layer which is printed is determined in 
consideration of a factor of shrinkage in a drying step or 
the like. 

In a subsequent slurry drying step S3, the solvent is 
dried away from the dielectric layer print-formed in the slurry 
printing step S2 . A method of drying may be either natural 
drying or heat drying. 

Then, in a binder printing step S4, a binder is 
print-coated on predetermined areas of the dielectric layer 
already formed by the jet print process . The binder is coated 
on areas constituting the rectangular column structure 11 
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and the base 12. The amount of binder discharged is adjusted 
so that the binder permeates one layer of the dielectric layer . 

The type of binder for use in the binder printing step 
S4 is not specifically limited, but a water-soluble binder 
having water as a solvent ispreferablebecauseof easy handling, 
less influence on the dielectric powder and non-toxicity . 
For redispersing in water powder which is not cured by the 
binder and removing the powder from the molded body of 
dielectric material (step S8), the binder should be 
water-insoluble after curing. Further, if considering the 
mechanical strength after curing, as the binder, a thermoset 
resin is preferably used, and polyacrylic acid (PAA) is 
especially preferable. 

Then, in a binder drying step S5, a solvent included 
in the binder permeating the dielectric layer is dried away. 
A method of drying may either natural drying or heat drying. 
In the dielectric layer which has undergone the binder drying 
step S5, the dielectric powder existing in a region permeated 
with the binder is bound together by the binder. 

The steps from the slurry printing step S2 to the binder 
drying step S5 are repeated over a predetermined number of 
times (FIG. 7, determination step S6) . As a result, a block 
molded body in which a region where the dielectric powder 
is bound together by the binder (bound region) and other region 
(unbound region) coexist is formed. As described 
specifically later, the bounded region forms the rectangular 
column structure 11 constituting the first dielectric region, 
and the unbound region forms the air gap 13 constituting the 
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second dielectric region . The binder is printed in the binder 
printing step S4 so that the bound region and the unbound 
region are periodically disposed as shown in FIGS. 2 and 3 
as plan views. 

After the steps described above are repeated over a 
predetermined number of times , processing proceeds to a binder 
curing step S7 . 

In the binder curing step S7^ a molded body obtained 
by printing a predetermined number of layers by repeating 
the steps described above is subjected to a heat treatment 
and the like to sufficiently cure the binder permeating the 
dielectric layer in the binder printing step S4 . Through 
this process, the dielectric powder is strongly bound together 
by the cured binder, and therefore the strength of binding 
of the dielectric powder increases, thus extremely easing 
subsequent handling . 

After the binder curing step SI , an unbound region 
removing step S8 is carried out. 

In the unbound region removing step 8, the dielectric 
powder existing in the unbound region is removed from the 
molded body. The powder can be removed by immersing in water 
the molded body composed of the stacked dielectric layer. 
Specifically, the dielectric powder which is not bound by 
the binder is immersed in water, whereby it is removed from 
the dielectric layer and redispersed in water. 

A dispersant is preferably added in the slurry in a slurry 
forming step SI so that the dielectric powder which is not 
bound by binder is easily redispersed in water in the removing 
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step (stepSS) . For the dispersant , forexample, polyethylene 
glycol (PEG) may be used. It is *ef f ective that ultrasonic 
waves are applied to water in which the molded body is immersed, 
or the molded body itself when the dielectric powder is 
redispersed. 

After the removing step (stepSS) is completed, the molded 
body with the dielectric powder bound together by the binder 
into the shape of the rectangular column structure 11 is drawn 
up from water, and a drying step S9 is carried out. For this 
drying step S9, either natural drying or heat drying may be 
carried out. 

The molded body which has undergone the drying step S9 
may be used directly as the photonic crystal 1, but may also 
be fired into a fired body in a firing step SIO. By firing 
the molded body into the fired body, the mechanical strength 
and the dielectric constant are further improved. 

The unbound region removing step S8 is carried out after 
the binder curing step S7 in the above description. However, 
depending on the density of the dielectric powder in the region 
permeated with the binder, the properties of the binder used, 
and the like, it is also possible to omit the binder curing 
step S7 and carry out the unbound region removing step S8. 
The present invention also includes this aspect. 

The steps of the method for producing the photonic crystal 
1 described above will now be described more specifically 
with reference to FIG. 8. 

FIG. 8A schematically shows a situation in which a slurry 
23 including a dielectric powder is discharged from a jet 
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print head 22 to form a first dielectric layer on a substrate 
21 in the slurry printing step S2 , 

The slurry 23 including the dielectric powder is 
continuously discharged while the jet print head 22 for 
discharging the slurry is two-dimensionally scanned, whereby 
one layer of the slurry 23 is print-formed on a surface of 
the substrate 21. The substrate 21 may be moved while the 
jet print head 22 is fixed. 

If the substrate 21 is porous, a solvent in the printed 
dielectric layer is absorbed into the substrate 21 to increase 
the compactness of the dielectric powder and hence increase 
the molding density of the dielectric powder. For this 
purpose, fired alumina may be used as the substrate 21. The 
molded body itself composed of the dielectric powder forming 
the slurry 23 may be used as the substrate 21. 

When the solvent included in the slurry 23 is dried away 
in the drying step S3, one layer of the dielectric layer is 
formed. 

After the first dielectric layer is formed, the binder 
printing step S4 is carried out as shown in FIG. 8B. 

FIG. SB schematically shows a situation in which a binder 
25 is discharged from a jet print head 24 and print-coated 
on only a predetermined area in the binder printing step S4 . 

The binder 25 is continuously discharged while the jet 
print head 24 for discharging the binder is scanned, whereby 
the binder 25 is made to permeate the entire surface of the 
print-formed dielectric layer. In FIG. 8, shading 
(gradation) is applied to regions permeated with the binder 
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25. The amount of the binder 25 discharged from the jet print 
head 24 is controlled so that the binder 25 sufficiently 
permeates the entire area of the dielectric layer. After 
the binder 25 is print-coated, the binder drying step S5 of 
drying away the binder 25 is carried out. 

After the binder drying step S5 for the first dielectric 
layer is carried out, the second layer of the slurry 23 is 
printed, the binder 25 is printed/dried for the second 
dielectric layer, and the third layer of the slurry 23 is 
printed in the same manner as described above. After the 
third layer of the slurry 23 is printed and the solvent included 
in the slurry 23 is removed, the binder 25 is printed. FIG. 
8C shows this. In FIG. 8C, the binder 25 is intermittently 
discharged while the jet print head 24 is scanned. In FIG. 
8C, the discharge of the binder 25 is stopped in areas 
corresponding to void regions in the dielectric layer to which 
hatching is applied. The void regions are regions which are 
not permeated with the binder 25. 

Up to the fifth dielectric layer, the binder 25 is 
intermittently printed in the same manner as in FIG. SC. A 
molded body thus obtained is shown in FIG. 8D. 

In this molded body, regions having the binder 25 and 
regions having no binder 25 are periodically disposed as shown 
in FIG. 8D. The molded body shown in FIG. 8D is then subjected 
to the binder curing step S7 . In this step, a heat treatment 
is carried out for curing the binder 25 which has permeated 
the molded body. 
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FIG. 8E schematically shows a state in which the 
dielectric powder existing in the' region which is not cured 
by the binder 25 (unbound region described above) is removed 
from the molded body shown in FIG. 8D. The molded body which 
has undergone the binder curing step S7 is removed from the 
substrate 21, and immersed in water. By so doing, the 
dielectric powder existing in the unbound region of the molded 
body is redispersed in water and thus removed. An area 
deprived of the dielectric powder becomes the air gap 13 in 
which air exists. At this time, it is effective to apply 
an ultrasonic wave. Because the area deprived of the 
dielectric powder becomes the air gap 13, this molded body 
constitutes the photonic crystal 1 in which the rectangular 
column structure 11 having the dielectric powder and the air 
gap 13 composed of air are periodically disposed. This 
structure may be fired as described above. 

The molded body shown in FIG. 8E is the photonic crystal 
1 using air as the second dielectric region, but the photonic 
crystal 1 using a dielectric material other than air as the 
second dielectric region may be fabricated. 

FIG. 8F shows a photonic crystal obtained by fabricating 
a molded body or fired body shown in FIG. 8E by the method 
described above, and then filling an air gap 113a thereof 
with a dielectric material different from a rectangular column 
structure 111. A difference in dielectric constant between 
the first dielectric region and the second dielectric region 
maybe determined according to properties of a desired photonic 
crystal 100. 
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FIG. 8 shows a side cross section of the photonic crystal 
1 (100), but if it is viewed plain-wise, the jet print head 

24 is scanned so that the rectangular column structure 11 
is disposed as shown in FIG. 3. At this time, the binder 

25 is printed on an area in which the rectangular column 
structure 11 (111) is formed. 

The method for obtaining the photonic crystals 1, 100 
of the present invention by the 3DP process has been described 
above, but the photonic crystal may be obtained by well known 
methods such as a dry etching method, a self-cloning method 
and a stereo lithography method. Each method will be briefly 
described. 

The dry etching method is a method in which a material 
is etched into a desired shape by an etching gas using a mask 
fabricated by a photolithography technique. The 
self-cloning method is a method in which bias sputtering is 
carried out in a specific mode, whereby a material is deposited 
in a direction perpendicular to a base while maintaining 
periodicity of irregularities on the base. The stereo 
lithography method is a method in which a liquid photo-curable 
resin is irradiated with an ultraviolet beam, and only an 
irradiated region is made to undergo a polymerization reaction 
to cure the photo-curable resin into a desired shape. 

In addition, the configurations described in the above 
embodiments can be selectively adopted and rejected, or 
changed to other configurations as appropriate within the 
sprit of the present invention as a matter of course. For 
example, an optical resonator can be obtained by forming a 
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defect region confined in a crystal, and a waveguide can be 
obtained by forming a linear defect within the crystal. 

Industrial Applicability 

According to the present invention, a photonic crystal 
which is easily produced and has a two-dimensional periodic 
structure capable of having a complete band gap for a TE wave 
and a TM wave . 
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